affiliated hospital of Xin-Xiang Medical University, henan, People's republic of china Background: Inflammation and immunity have an important role in the development of cancer. The lymphocyte-to-monocyte ratio (LMR) has been shown to be of prognostic value in several malignant forms. The purpose of this study was to analyze the prognostic significance of preoperative LMR in post-curative resection of pancreatic adenocarcinoma. Methods: A total of 144 patients with primary pancreatic adenocarcinoma who underwent curative operation were enrolled in this retrospective study. The correlation between preoperative LMR and survival was analyzed using Kaplan-Meier curves and multivariate Cox regression analyses. Results: In the univariate analysis, an elevated preoperative LMR was significantly associated with an increased overall survival (OS) (19 months vs 12 months, P=0.000), and this result remained significant in the multivariate analysis (hazard ratio [HR]: 0.148; 95% confidence interval [CI]: 0.085-0.252; P=0.000). Furthermore, patients with high LMR also had higher median recurrence-free survival (RFS) than patients with low LMR in univariate (18 months vs 10 months, P=0.000) and multivariate analyses (HR: 0.148; 95% CI: 0.085-0.252; P=0.000). Subgroup analyses showed that both patients with stage III cancer and patients with stage I+II cancer can obtain OS and RFS benefits from high LMR. Conclusion: LMR can be considered as an independent prognostic biomarker for operable pancreatic adenocarcinoma.
Introduction
In People's Republic of China, the morbidity and mortality of pancreatic adenocarcinoma show an increasing trend due to changes in dietary composition and habits, and pancreatic adenocarcinoma has been ranked as the seventh most common cancer and the ninth leading cause of cancer-related deaths. 1 Although currently there are several conventional and emerging treatment options available for pancreatic adenocarcinoma, surgery remains the main treatment approach, but is possible for only 20% of localized diseases. 2 Moreover, patients who underwent curative resection continue to suffer from high rates of perioperative morbidity. 3, 4 Classification of pancreatic adenocarcinoma patients can help to predict survival and thus aid in providing individualized therapies that can improve clinical outcomes; therefore, the importance of prognostic and predictive biomarkers has been increasingly recognized. 5 However, biomarkers actually utilized in clinical practice are currently limited to clinicopathological characteristics such as the histological stage, pathological type, resection margins, or tumor-node-metastasis (TNM) stage, which can be evaluated only through postoperative histological studies and findings during surgery. [6] [7] [8] Therefore, new biomarkers that are inexpensive and technically feasible are required. It has been confirmed that inflammation plays an important role in the development and therapeutic response of many malignant tumors. 9 Inflammatory-related cells can produce proangiogenic factors and inflammatory mediators, and thus generate a favorable cancer-related inflammatory microenvironment that promotes vascular invasion and suppression of the host immune system. [10] [11] [12] Alternatively, tumors can secrete several cytokines that influence the blood cells associated with inflammation and immunity, including neutrophils, lymphocytes, monocytes, and blood platelets. 13, 14 Several inflammatory response related biomarkers have potential prognostic significance in patients with various types of malignancies, such as the neutrophilto-lymphocyte ratio, platelet-to-lymphocyte ratio, and lymphocyte-to-monocyte ratio (LMR). [15] [16] [17] Fujiwara et al analyzed 111 patients who underwent pancreatic resection for pancreatic carcinoma and reported that the prognosis and overall survival of patients with low postoperative peripheral LMR was significantly poorer than those of patients with high postoperative peripheral LMR. 18 However, there are still no reports concerning the association between preoperative LMR and survival in patients with resected pancreatic adenocarcinoma. In this study, we aimed to assess the prognostic significance of preoperative LMR in pancreatic adenocarcinoma patients who underwent curative surgery.
Materials and methods Patients
A total of 144 patients with primary pancreatic adenocarcinoma and who had undergone curative resection at the First Department of General Surgery in the First Affiliated Hospital of Xin-Xiang Medical University between June 1, 2012 and June 1, 2014 were enrolled in this study. Inclusion criteria were histologically confirmed pancreatic adenocarcinoma, .18 years of age, and life expectancy .6 months. The exclusion criteria were acute and severe preoperative medical conditions and adjuvant treatments, such as systemic infection, autoimmune diseases or inflammation, and chemotherapy. Medical information of all patients was collected from the clinical records by one surgeon and checked by another surgeon, including sex, age, American Society of Anesthesiologists (ASA) score, CA19-9, tumor site, tumor size, T stage, lymph node status, TNM, and pathological differentiation. Histopathological and clinic staging were evaluated through postoperative histopathological examination and clinical assessment by the Union for International Cancer Control TNM classification, respectively. Routine blood test was carried out on the day before surgery to obtain absolute lymphocyte and monocyte counts. LMR was calculated by using the equation: LMR = absolute lymphocyte count/ absolute monocyte ratio.
Follow-up
All patients were followed up in regular style through outpatient visit, including physical and laboratory examinations -CA19-9 was evaluated every 3 months for the first 2 years, every 6 months for the next 3 years, and once annually thereafter. Enhanced abdominal computed tomography (CT) or magnetic resonance imaging (MRI) scans were generally obtained for every 12 months. Clinical follow-up lasted from the date of surgery to either the time of death or June 2015. This study was approved by the Ethics Committee of the First Affiliated Hospital of Xin-Xiang Medical University. Written informed consent was obtained from all the individual participants.
statistical analysis
Statistical analyses were performed by SPSS 21.0 (IBM Corporation, Armonk, NY, USA). P,0.05 (two-sided) was considered statistically significant. The optimal cutoff values for the LMR were determined through receiver operating characteristic curve analysis. OS was accurately defined as the duration from date of surgery to death, while recurrencefree survival (RFS) was calculated as the time from diagnosis to tumor recurrence. The χ 2 test or Fisher's exact test was used to analyze the association between qualitative variables and LMR, while quantitative values were analyzed by independent Student's t-test. The OS, RFS, and survival curve were studied in Kaplan-Meier analyses by using the log-rank test. The Cox regression model was used to assess the hazard ratio (HR) and multivariate analysis.
Results
Baseline clinicopathological characteristics are shown in Table 1 . A total of 144 patients with primary localized pancreatic adenocarcinoma were included in our study, and among them 77 were males and 67 females, with an average age of 62±2.8 years. Eighty-nine patients were diagnosed with pancreatic head adenocarcinoma, while tumors in 55 patients were located at pancreatic body or tail. According to the TNM staging methods, 45 patients were diagnosed with stage I or II tumor and 99 with stage III tumor. Based on pathological analysis, we found that 76 patients suffered from well/moderately differentiated adenocarcinoma, whereas 68 patients presented with poorly differentiated adenocarcinoma.
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Prognostic value of preoperative lMr in pancreatic adenocarcinoma Moreover, there was no statistically significant association between LMR and clinicopathological characteristics except the TNM stage.
Prognostic significance of LMR for pancreatic adenocarcinoma
The median LMR from all enrolled patients was 2.8 (range: 1.2-4.7). In the receiver operating characteristic curve analysis, the optimal cutoff levels for the LMR were 2.86 for OS and 2.58 for RFS. The area under the curve was 0.632 for OS and 0.569 for RFS ( Figure 1 ). The median follow-up time was 14 months (range 6-40 months). There were significant associations between T stage, lymph node involvement, TNM stage, and LMR with OS and RFS (Tables 2 and 3) .
At the end of this study, among 144 patients with pancreatic adenocarcinoma, 114 (79.2%) developed tumor recurrence and 110 (76.4%) died within the follow-up period. The tumor recurred in 70 (93.3%) out of 75 patients with an LMR ,2.58 and in 44 (63.8%) out of 69 patients with an LMR $2.58. Death occurred in 68 (87.2%) out of 78 patients with an LMR ,2.86 and in 42 (63.6%) out of 66 patients with an LMR $2.86. In univariate analyses, patients with an LMR $2.86 in peripheral blood had a statistically significantly better postoperative prognosis than those with an LMR ,2.86 in median OS (19 months vs 12 months, P=0.000) (Table 2, Figure 2 ). Furthermore, this result remained significant in the multivariate analysis (HR: 0.148; 95% confidence interval [CI]: 0.085-0.252; P=0.000) ( Table 2) . When compared to the patients with low LMR (,2.58), patients with high LMR ($2.58) also had higher median RFS in univariate (18 months vs 10 months, P=0.000) and multivariate analyses (HR: 0.152; 95% CI: 0.092-0.250; P=0.000) (Table 3, Figure 3 ).
For locally resected advanced pancreatic adenocarcinoma (TNM stage III), patients with high LMR had a median OS of 18 months, whereas patients with low LMR had a median OS of 7 months (P=0.000). Alternatively, high LMR was also predictive of higher median RFS in patients with stage III cancer (16 months vs 7 months, P=0.000). When compared with low LMR, high LMR was significantly associated with higher OS (24 months vs 15 months, P=0.010) as well as higher RFS (20 months vs 13 months, P=0.003) in patients with stage I and II cancer ( Figure 3) .
A multivariate analysis enrolled the sex of patients, ASA score, CA19-9, tumor size, histological differentiation type, TNM stage, and LMR into the COX regression model to identify independent prognostic factors for operable pancreatic adenocarcinoma since TNM stage is obtained from combining tumor invasion depth and lymph node involvements and LMR (calculated from lymphocyte and monocyte counts). The result showed that LMR (HR: 0.148; 95% CI: 0.085-0.252; P,0.05), TNM (HR: 5.631; 95% CI: 3.148-9.182; P,0.05), and pathological differentiation (HR: 0.566; 95% CI: 0.402-0.932; P,0.05) were the independent prognostic factors for OS of patients with pancreatic adenocarcinoma (Table 2) . Otherwise, ASA score (HR: 2.297; 95% CI: 1.286-4.103; P,0.05), LMR (HR: 0.152; 95% CI: 0.092-0.250; P,0.05), TNM (HR: 3.896; 95% CI: 1.168-9.283; P,0.05), and pathological differentiation (HR: 0.599; (Table 3 ).
Discussion
In this study, we analyzed a large cohort of patients who underwent curative resection for primary pancreatic adenocarcinoma and found a significant association of LMR with OS and RFS in univariate analysis. Furthermore, in the subgroup analyses, the association was also applied to both patients with advanced pancreatic adenocarcinoma and patients with early cancer. LMR is independent prognostic factor for pancreatic adenocarcinoma. Therefore, our study confirmed that preoperative LMR can be used to enable optimal risk stratification for individual patients prior to treatment and to predict post-curative resection prognosis for pancreatic adenocarcinoma. Inflammation plays an important role in cancer progression and metastasis, which are also influenced by host immunity. 19 Lymphocytes are the main components of the immune system and cellular basis of immunosurveillance and immunoediting, reflecting immune response against the tumor. 20 Lymphocytopenia is also a significant characteristic in patients with advanced pancreatic cancer when vascular invasion, lymph node, or distant metastases are present, which has been found to be an independent prognostic factor for OS in pancreatic cancers. [21] [22] [23] Tumor-infiltrating leukocytes, including neutrophils and monocytes, also have a crucial role in the development and progression of a tumor. 24 The monocytes in peripheral blood include the dendritic cells and macrophages. 25 Dendritic cells with regulatory function cause immunosuppression through activated T reg cells in patients with malignant tumor while macrophages kill tumor cells. 26, 27 Several studies showed that increased preoperative peripheral blood monocyte count negatively correlated with survival in patients with malignancy. 28, 29 LMR, as an inflammation and immunity-related biomarker based on lymphocytes and monocytes, has been found to be a significant prognostic marker for several 
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Prognostic value of preoperative lMr in pancreatic adenocarcinoma malignancies. [30] [31] [32] Stotz et al analyzed 372 patients with stage II and III colon cancer and found that the LMR might be an independent prognostic marker for TTR (time to recurrence) in stage III patients. 31 Chen et al evaluated the prognostic values of LMR in 485 patients with stage Ib1-IIa cervical cancer and found that decreased pretreatment LMR is associated with a poor prognosis in stage Ib1-IIa patients who undergo a radical operation. 33 In the present study, we analyzed 144 patients who underwent curative operation for primary pancreatic adenocarcinoma, and found that LMR was not only an independent prognostic factor of primary pancreatic adenocarcinoma but also significantly related to TNM stage, which coincides with previous studies. There were several limitations to this study that could have possibly influenced the results. One problem was retrospective design of the study and limited number of patients involved. A large-scale multicenter prospective study would be preferred to confirm our results and to exclude selection bias. Furthermore, the cutoff levels of LMR value used in our study may not be suitable for other studies. A meta-analysis including various LMR validation studies may be required to confirm the cutoff value for LMR.
In conclusion, LMR, as an easily and generally available, low price biomarker, could be considered as an independent prognostic factor for operable pancreatic adenocarcinoma.
Figure 3
TnM stage wise survivability. Notes: (A and B) Show that there is statistically significant correlation between LMR and OS and RFS of patients with early stage cancer. (C and D) show that there is significant association between LMR and OS and RFS of patients with advanced cancer. Abbreviations: TnM, tumor-node-metastasis; lMr, leukocyte to monocyte ratio; Os, overall survival; rFs, recurrence-free survival.
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